In this study; an experiment was carried out to examine the effects of LPG-methanol fuel blends of various proportions on the emission performance of a four cylinder SI engine are experimentally investigated. Experimental study has been conducted on a four cylinder, watercooled, the engine compression ratio(9.7) and the modifications to the engine were minimal and a dual throat carburetor was used to mix LPG and methanol before being fed into the carburetor. Using engine cooling water temperature, methanol was evaporated before entering the carburetor. The methanol concentration in the blend has been changed from 5% to 25% with the increments of 5%, was added into each blends. Performance tests were conducted to determine the correct air/fuel ratio (lambda=1). Exhaust emissions were analyzed for CO, CO2, NOx, HC, O2 using LPG-methanol blends with different percentages of fuel blends at variable engine speeds ranging between 1000 and 5000 rpm SI engine. It was observed that depending on the rate of methanol increase in mixture, the CO2, CO, NOx and HC emission concentrations in the engine exhaust gases decreased.
I. INTRODUCTION Throughout the world conventional fossil fuels sources are finite and the energy supply situation is increasing more critically. Environment pollution is fast becoming a serious urban as well as global problem with the increasing population and its subsequent demands and the concerns about clean environment and high oil prices forces for research on alternative fuels. With ever increasing concerns on environmental pollution, energy security, and future oil supplies, the global community has been seeking nonpetroleum based environment friendly alternative fuels. Alternative fuels for internal combustion engines (SI and CI) have become very important owing to increased environmental protection concern, the need to reduce dependency on petroleum and even socioeconomic aspects [1, 2, 3, 4] .
Transportation sector provides enormous benefits and internal combustion engines are vital part of transportation systems in all developed and developing countries of the world. On the other hand, the transportation sector is a main source of air pollution due to emission of carbon monoxide, hydrocarbons, and oxides of nitrogen, carbon dioxide and particulate matter contained in exhaust gases. The increasing concerns on environmental pollution, energy security, renewable fuel and future oil supplies, the global community are seeking non petroleum based on alternative fuels, along with more advanced alternative energy technologies to increase the efficiency of energy use. The conventional fossil fuels combustion process contains high amounts of aromatic and sulfur, which causes environment pollution. For instance; fossil fuels produced contain high amount of PM, carbon monoxide (CO) and unburned hydrocarbon (UHC), nitrogen oxides (NOx), and carbon dioxides (CO2) and sulfur oxides (SOx) which are expelled from the exhaust of vehicles. Finding an alternative to conventional fuels would help to reduced it and vehicles running on cleaner fuels produce fewer harmful emissions, and can offer some savings on fuel costs, compared with petrol or diesel. In addition to cleaner, low sulphur versions of the conventional vehicle fuels petrol and diesel, the main alternatives are; methanol and denatured ethanol as alcohol based natural gas, LPG, hydrogen fuels, coal-derived liquid fuels, fuels derived from biological materials, fuel cells and electric vehicles [1, 2, 4) .
The investigations have been concentrated on decreasing fuel consumption by using alternative fuels and on lowering the concentration of toxic components in combustion products. The idea of using gases (LPG) as fuel for internal combustion engines is not new and liquefied petroleum gas has been used as an alternative fuel for many years. The first automotive gas based engines was built as early 19 th century, and the fuel employed at that time was acetylene and the first car powered by propane was run in 1913. The Ford Model T was the first commercial flex-fuel vehicle. The engine was capable of running on gasoline or ethanol, or a mix of both. In order to decrease emission levels, there are numerous applications in different countries which utilize small size SI spark ignition engines operating on LPG and other gases. Today, the usage of LPG has been increasing in spark ignition engines and in recent years, much attention has been focused on applications of gas fuels particularly the use of LPG in SI engines. Although it is a fossil fuel, LPG can help to enhance the energy security of the states and other significant emission benefits. Gasoline-ethanol mixtures were used as fuel by many researchers with spark ignition engines. Hence, different mixture ratios and the different methods in these studies improve the combustion process, moreover improvement result of decreases in emissions have been observed [2, 4, 5, 6] .
The objective of the present study is to investigate the effect of exhaust emissions of enriched methanol with LPG fuelled engine. The present results of experimental work were carried out to evaluate the exhaust emissions characteristics of CO HC, CO2, NOx emissions under variable engine speeds and the correct air/fuel ratio (lambda=1). It was found for investigation that the LPGmethanol mixture provides an advantage in terms of toxic hydrocarbon emissions and particle formation due to its combustion characteristics and CO2 emission levels. Data for the studies about the LPG and methanol blends in the literature are investigated. The usage of methanol as additive for LPG in spark ignition engines is not new phenomenon. It is apparent from the increasing applications of LPG powered engines that enrichment with methanol may be applicable to LPG combustion if they provide significant advantages as mixture for LPG fuels. Recent research in effective reduction of exhaust emissions and increasing the thermal efficiency of fossil-fuel engines has shown that the LPG-methanol fuelled engines provide available alternative fuels. From an experimental point of view, there is increasing interest amongst the suppliers to investigate different % LPG-methanol mixtures as fuels for transportation. There are many studies in the literature as alcohol related to mixtures of gasoline-methanol, gasoline-ethanol and gasoline-butanol. However, very few studies as LPG and alcohol mixtures were observed in the literature. For this reason, this study offers a different feature. Physical properties of the test fuels are listed in Table 1 [7, 8] . 
II. LPG AND METHANOL EMISSIONS CHARACTERISTICS
Since LPG is mostly composed of propane, liquefied petroleum gas is also known as propane. Actually, LPG is comprised a mixture of propane and other well known hydrocarbon gases and the term LPG indicates several mixtures of C3 and C4 hydrocarbons. LPG is a by-product of the oil refining process, the raw petroleum fields and it can be extracted from underground natural gas beds. These hydrocarbons are gases that exist at room temperature, but turn to liquid when they are compressed. LPG is composed of the lightest hydrocarbons and it is gas in the normal environmental conditions and it is stored in special pressurized tanks which keep it liquefied. Application of alternative fuels is one of the effective methods for reducing of air pollution from vehicle engines. LPG has the potential to help the reduction of harmful exhaust emissions from traffic in cities and on the transportation sector. LPG has been recently used in automobiles on a widespread basis as alternative petrol because of its low price, cost effectiveness, its effect on increasing the life of the engine, spark plugs, the longer interval between oil changes, and its cleanliness thanks to its clear burning characteristic. Over the years, the LPG industry has been very active in promoting and implementing goals and targets that address safety practices in the handling, storage, transportation and application of its primary commodity, propane. In 1998, the bi-fuel LPG vehicle was certified in accordance with compliant with EPA's low emission vehicle standards. In addition, it has also low carbon content fuel that can reduce the emission of carbon dioxide, the main greenhouse gas. Many governments promoted the usage of LPG through their energy policies [11, 12] . LPG vehicles emit about one-third fewer amounts of reactive organic gases as compared to gasoline fuelled vehicles. LPG powered vehicles reportedly have less ozone-forming hydrocarbon build-up when making a comparison with gasoline and diesel powered vehicles. NO x emissions are reduced by 20% while CO emissions are reduced by 60%. LPG vehicles have, in most cases, 90% lower emissions than diesel vehicles do. LPG has potential to reduce regulated and unregulated emissions from vehicle tailpipes in comparison to other conventional fuels. Thanks to its nature, LPG is such an intrinsically clean technology that there is no requirement for qualified and successful 'after burn' filter equipment which requires very careful maintenance. LPG has a typical specific calorific value of 46.1 MJ/kg compared with 42.5 MJ/kg for fuel oil and 43.5 MJ/kg for premium grade petrol(gasoline). However, its energy density per volume unit of 26 MJ/L is lower than either that of petrol or fuel oil, as itsrelative density is lower (about 0.5-0.58, compared to 0.71-0.77 for gasoline). Fig. 1 shows comparison of CO and NOx emission characteristics with gasoline and LPG engines [7, 13] . The molecular formula of methanol is CH3OH and methanol is one of the fuels which are seen as alternative to petroleum based on fuels in internal combustion engines. Resources to be used for methanol production are quite varied. Methanol (CH3OH) can be produced from natural gas, gasification of coal, wood, straw, plant stalk, and even combustible trash. The primary feedstocks for methanol production are natural gas, lignite, coal and the renewable resources such as wood, agricultural materials, biomass, waste biomass and municipal wastes. In addition too methanol can be produced from any material that can be decomposed into carbon monoxide (or carbon dioxide), hydrogen and via fermentation from biomass. Besides, the lack of grain to produce ethanol for automobiles makes the methanol path inevitable. In this regard, it may be produced from the sources which are independent of petroleum. It can be used as pure or mixed with gasoline in specific ratios in spark ignition engines without a significant change. In the methanol production, raw material is firstly converted to synthesis gas (CO + H2) by gasification and finally CO and H2 are catalytically combined by means of a catalyst like Cu-Zn-Cr to yield methanol. Large scale production of methanol can be based predominantly upon the processing of waste streams. Methanol (CH3OH) is a simple compound and it does not contain sulfur or complex organic compounds. Methanol gives higher engine efficiency and is less flammable than gasoline but the range of the methanol-fueled vehicle is as much as half less because of lower density and calorific value, so larger fuel tank is required. The organic emissions (ozone precursors) from methanol combustion will have lower reactivity than gasoline fuels hence lower ozone forming potential [14, 15, 16] . If pure methanol is used then the emission of benzene and PAHs is very low. M100 has invisible flames and it is explosive in enclosed tanks. Methanol is toxic, and has corrosive characteristics, emits ozone creative formaldehyde. In addition, methanol shows good anti-knock characteristics and at the present time instead of pure methanol, a blend of methanol and gasoline is a more attractive as a fuel for good anti-knock characteristics. Methanol is a promising alternative renewable biomass fuel because of its biodegradable and regenerative characteristics. Methanol is similar to ethanol, but it is considerably cleaner, high toxic and high corrosive. At the same time, methanol is from the unique nature facilitates higher engine efficiencies by biofuels (alcohols and biodiesel) applications. Methanol has a lower carbon intensity than gasoline and LPG and, generates much fewer GHG emissions than those of gasoline. It releases a total of only 9 g/km GHG emissions throughout the entire WTP stage, with -73 g/km emissions, using methanol fuel in passenger cars can reduce GHG emissions by 41-61%km, compared to gasoline fuelled vehicles and as a fuel methanol has the potential to reduce non-renewable energy consumption. As an alternative fuel, LPG or methanol are non-toxics and clean fuels which do not contribute to the global CO2 build-up and their environmental benefits are another major factor for their attraction because of lesser greenhouse effects, and less local pollution. Methanol boiling point at 65°C, ethanol boils at 78°C and LPG has a low boiling point of -6°C. Compared with LPG, the higher boiling point, faster flame propagation speed, high oxygen content (50 wt %), and simple chemical structure of methanol all help to reduce the CO and hydrocarbon (HC) emissions but NOx emissions an increase by 5-10% [14, 16, 17] . Fig. 2 shows the experimental apparatus structure of emissions measurement systems schematically. The experimental investigation was conducted at Erzincan University, Vocational High School Department of Motor Vehicles and Transportation Technologies, Atomotive Emissions Laboratory. Engine running were tested at intervals between idle speed of around 1000 rpm and a high speed of around 5000 rpm. LPG fuel systems in the vehicles were modified; Fiat, Renault, Ford and Toyota cars are used as they are widely used in Turkey. Vehicles produced by these firms in Turkey comprise approximately 55% of all vehicles in Turkey. The experiments were conducted on a four cylinder, four stroke spark ignition engine (type fiat 149A4) for this study. The engine has swept volume of 1585 cc 3 , compression ratio of 9.7/1 and its maximum torque is 3800 rpm. The tail pipe of the vehicle exhaust was attached to blower pipes forming the primary segment of the sampling line. The air flow rate of the engine was measured by a hot-wire anemometer and this was used by a sample intervals of 20 seconds. Measured values were stored at regular intervals and its average was automatically calculated by the air instrument. The intake manifold was modified so that the ethanol injection nozzle could be inserted in place and an ethanol heating system was mounted on the manifold.
III. EXPERIMENTAL STUDY AND PROCEDURE
Coolant water temperature, oil temperature, exhaust gas temperature were measured by using thermocouples. Air/fuel ratio was correlated from 0.75 to 1.25; using emission gas analyzer and measurement step period of 0.1 and the engine control and ignition system was controlled using Bosch FSA 751 and Bosch 251 tune-up test equipment. The CO, CO2, HC, NOx concentrations and air/fuel ratio were measured using Bosch BEA 370 and Bosch ETT 0855EU analyzers. At the beginning of experiment, the engine was started using LPG fuel and allowed to warm up for a period of 20 minutes. The air/fuel ratio (  =1) was adjusted to yield maximum power on LPG. The percentages of methanol blend applied to the LPG were 5%, 10%, 15%, 20% and 25% as a mass. Adjustable control screw (Fig. 2 in the No. 11 screws) using a set amount of methanol mass is sent to the engine. Passage of gas into methanol using the engine cooling water temperature was provided. The methanol was evaporated using engine coolant temperature. In experimental study, the poor mixture of LPG for each measurement cycle is set to  =1.05 before the addition of 5% methanol. Then, the emission measurements were taken after setting  =1.00 adding methanol. Each engine rpm in this application was made for measurement. Engine tests were performed at 1000, 1500, 2000, 2500, 3000, 3500, 4000, 4500 and 5000 rpm. While the amount of LPG was being decreased, methanol was added to the manifold intake and air-fuel ratio was adjusted and the percentages of methanol increased in the mixture were varied. The initial data was taken after the engine running stabilized.
Fig. 2 Schematic diagram of the experimental emission measurement systems.
During the experimental study, for each percentage of methanol and measurements was made of the same application and adjustments. Measurements of the emissions (CO, HC, NOx, O2, CO2 and  ) were made at about 2000-5000 rpm. These types of engines provide the maximum moment in these intervals that are 3000-3500 rpm. During the testing process, engine temperature was kept in the range of 60-80 degrees. The main characteristics of the engine are summarized in Table 2 . Blends of methanol and LPG is prepared on the basis of replacement percentage followed by matching oxygen percentage as shown in table III respectively, the properties of fuels are calculated on the basis values available and validated with literature available. The blending of methanol and LPG are referred with LPG and M followed with percentage of blending. IV. RESULTS This experimental study investigates into the effect of methanol addition to LPG and usage LPGmethanol blends on the spark ignition engine performance in terms of exhaust emissions and experimental results are presented in graphical form. The most common method is the burning of a carbon-based fossil fuel like, diesel fuel, gasoline, natural gas, alcohol, or oil in the presence of oxygen. Oxygen is an important component for combustion and it is found available everywhere in sufficient amounts in common air currently free. Figs. 3-8 show the behavior of the combustion of the LPG-methanol blends and the different exhaust emissions curves against engine speed. The experiments was conducted SI engine with several fractions of methanol blends of 5, 10, 15, 20, 25% volume of in LPG under the different engine rpm. After the correct air/fuel ratio provided, exhaust emissions were analyzed for CO, CO2, NOx, and HC via LPG-methanol blends. Experimental results have shown that among the various blends, the 15% methanol mixture was the most suitable for point of view the engine emissions performance for NOx, CO and HC emissions. The CO, CO2, NOx and HC emissions concentrations decreased in the exhaust gases all blends for engine speed. However, the 10% volume methanol-LPG blend gave the best results for all measured parameters namely CO, CO2, NOx, and HC emissions at all engine speeds.
Figs. 3-5 show that CO, CO2, O2 emissions as a function of relative air-fuel ratio with the addition of 5%, 10%, 15%, 20% and 25% methanol from 1000 rpm to 5000 rpm. It can be observed that methanol content ensures decreasing of CO emissions. Fig. 3 shows that quantity of CO emissions decreases depending upon the methanol content in the mixtures as a result of this situation, M25 produces the lowest amount of CO. This can be explained that high oxygen content in the methanol is more effective for improvement of combustion in a rich mixture and therefore high oxygen content of fuel decreases the quantity used air. Fig. 4 shows that the effect of the different methanol ratios in LPG-methanol blends on the CO2 emissions. It can be concluded from graphs that the 5% ratio of the methanol to LPG-methanol blend CO2 emission iz increased. CO2 emissions was lower than as a LPG fuel under the same operating conditions in LPG-methanol blends When the methanol ratios 20% and 25% levels in the blends, CO2 emissions decreased in high engine rpm. It can be said that sufficient supply of oxygen is provided by the blends.Increasing the percentage of methanol in the mixture is positive in the amount of oxygen. In this case, the percentage of carbon in the mixture decreases. At the end of the combustion as a result of CO2 emissions are also reduced. Fig. 5 shows that the effect of the different methanol ratio in LPG-methanol blends on O2 content can be observed . The oxygen amount increases depending on as a increased of methanol ratio in the blends. Fig. 6 shows that THC emissions decreased to depending on the engine speed increases for all blends. On the other hand, THC emissions decreased due to the increases in methanol content in the LPG-methanol mixtures. These results indicate that increase methanol in the mixture significantly reduced THC emissions in the exhaust gases. Fig. 7 shows that the effect of different LPG-methanol blends produces the NOx emission levels for different engine speeds. The formation of NOx in SI engines depends to a large extent on the temperature of the combustion products when excess O2 is present. The formation of NOx depends on a large extend on the flame temperature in the combustion process and excessive air levels can lead to increased NOx formation due to excessive amounts of nitrogen and oxygen entering will combine to form NOx. The behavior of NOx emissions in the LPG-methanol mixture are highly quite similar to other exhaust gases. Low excess air is used on engine combustion mixtures and generally results in overall NOx reductions of 5% and 10% percent when LPG-methanol blends. When the methanol is added to LPG, temperature decreases and as a result NOx emissions is lower in the exhaust products. But results indicate that increase methanol in the mixture significantly increase NOx emissions in the exhaust gases and it is observed that as high quantity. High NOx measured in the emission gases rising from the combustion 20% and 25% percent LPG-methanol blends. It is explained that excessive air levels can lead to increased NOx formation due to excessive amounts of nitrogen and oxygen entering will combine to form NOx. Fig. 8 shows the exhaust gas temperatures for the LPG-methanol blends at different engine speeds. The exhaust gas temperatures decreases as a dependent on increase of methanol percentages and methanol water content. Methanol has lower heat value but the higher latent value. Similar few studies was found in the literature, the results of emission measurements were able to compare with studies and observed to similar results. However, LPG-methanol blends emissions better emission values have been observed, comparison between to the gasoline-ethanol blends or gasoline-methanol blends. However, thanks to different and similar studies and depending on the their results comparisons and further objective comments can be made.
V. DISCUSSION AND CONCLUSIONS
This study investigated the on exhaust emissions parameters in SI engine operating on LPG and LPG-methanol mixtures. The following results were observed. 
The optimum percentage of methanol is 10% ratios in LPG-methanol blends and for all LPGmethanol blends results reduces CO, CO2, THC, but increases NOx emissions.

The results confirm the behavior observed in other alternative fuels studies, and form the basis fuel blends specification for SI engine usage. Addition of methanol to LPG for composition change in the LPG-methanol blends produced increases to the NOx emissions especially in the lean mixture operations. In other words, it can be explained that excessive air levels can lead to increased NOx formation due to excessive amounts of nitrogen and oxygen.  Depending on the increase in the percentage of methanol decreases heating values of the blends. By the methanol water content and LPG-methanol blends heating values was effective in the decreasing in exhaust gas temperature.  It is observed that the percentage of all LPG-methanol blends CO, CO2, HC decreased to rather large and but for NOx emissions were increased.  The more the oxygen amount increases in the different LPG-methanol blends, the less the CO, CO2, THC values decreases depending upon proportion of methanol percentage in the blends but NOx emissions values was increased.  It is observed that CO and HC emissions greatest changes and decreased to against the variations of LPG-methanol blends.  According to the emissions characteristic values, 90% LPG and 10% methanol blends was observed for appropriate emissions.  An increase in the amount of O 2 in exhaust emissions was observed in the LPG-methanol mixture due to the increase in the percentage of methanol.  LPG and methanol blends reduced green house gas emissions by 40-50%. Methanol reduces these emissions by 49-55% on its own. Methanol as a biomass fuel is considered as an alternative and renewable fuel which is low in toxicity is comparable to or better than gasoline and regenerative persistence characteristics.  Because the heat value of methanol is less than that of LPG, the heat value of LPG-methanol blend fuels will decrease in proportion to the methanol in the mixture.
Methanol has advantages to prove its attraction and it can be used as a blends or an alternative fuel for SI engines. Used a as addition of methanol with LPG, the mixture of methanol-LPG octane number increased, eventually the emissions and engine thermal efficiency are improved. Engines are allowed to operate under a higher compression ratio by using LPG-methanol mixture as a fuel.
